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@ A noise reducing method for speech signals 
is provided in which the probability of speech 
occurring is calculated by spectral subtraction 
of subtracting the estimated noise spectrum 
from the spectrum of the input signal, and the 
maximum likelihood filter is adaptivety control 
led based upon the calculated speech occurr- 
ence probat^ility. Adjustment to an optimum 
suppression factor may be achieved depending 
on the SNR of the input speech signal, so that is 
it unnecessary for the user to effect adjustment 
prior to practical application. In addition, a 
method for detecting the noise domain is pro- 
vided in which the value th employed for finding 
the threshold value Th, for noise domain dis- 
crimination is calculated using the RMS value 
of the current frame or the value th of the 
previous frame multiplied by the coefficient a, 
whichever is smaller, and the coefficient « is 
changed over depending on the RMS value of 
the current frame. Noise domain discrimination 
by an optimum threshold value responsive to 
the input signal may be achieved without pro- 
ducing mistaken judgment even on the occa- 
sion of noise level fluctuations. 
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This invention relates to a method for reducing the noise in speech signals and a nnethod for detecting the 
noise domain. More particularly, it relates to a method for reducing the noise in the speech signals in which 
noise suppression is achieved by adaptively controlling a maximum likelihood filter for calculating speech com- 
ponents based upon the speech presence probability and the SN ratio calculated on the basis of input speech 
5 signals, and a noise domain detection method v^hich may be conveniently applied to the noise reducing meth- 
od. 

In a portable telephone or speech recognition, it is thought to be necessary to suppress environmental 
noise or background noise contained in the collected speech signals and to enhance the speech components. 
As techniques for enhancing the speech or reducing the noise, those employing a conditional probability 

10 function for adjusting attenuation factor are shown in R.J. McAulay and M.L. Malpass, Speech Enhancement 
Using a Soft-Decision Noise Suppression Filter, IEEE Trans. Acoust, Speech, Signal Processing. Vol.28. 
pp.137-145, April 1980. and J. Yang. Frequency Domain Noise Suppression Approach in Mobile Telephone 
System. IEEE ICASSP. vol.11, pp. 363-366, April 1993. 

With these noise suppression techniques, it may occur frequently that unnatural speech tone or distorted 

15 speech be produced due to the operation based on an inappropriate fixed signal-to- noise (S/N) ratio or to an 
inappropriate suppression factor. In actual application, it is not desirable for the user to adjust the S/N ratio, 
which Is among the parameters of the noise suppression system for achieving an optimum performance. In 
addition, it is difficult with the conventional speech signal enhancement techniques to remove the noise suf- 
ficiently without by-producing the distortion of the speech signals susceptible to considerable fluctuations in 

20 the short-term S/N ratio. 

With the above-described speech enhancement or noise reducing method, the technique of detecting the 
noise domain is employed, in which the Input level or power is compared to a pre-set threshold for discriminating 
the noise domain. However, if the time constant of the threshold value is increased for preventing tracking to 
the speech, it becomes impossible to follow noise level changes, especially to increase in the noise level, thus 

25 leading to mistaken discrimination. 

In view of the foregoing, it is an object of the present invention to provide a method for reducing the noise 
in speech signals whereby the suppression factor is adjusted to a value optimized with respect to the S/N ratio 
of the actual input responsive to the input speech signals and sufficient noise removal may be achieved without 
producing distortion as secondary effect or without the necessity of pre-adjustment by the user. 

30 It is another object of the present invention to provide a method for detecting the noise domain whereby 

noise domain discrimination may be achieved based upon an optimum threshold value responsive to the input 
signal and mistaken discrimination may be eliminated even on the occasion of noise level fluctuations. 

In one aspect, the present invention provides a method for reducing the noise in an input speech signal 
in which noise suppression is done by adaptively controlling a maximum likelihood filter adapted for calculating 

35 speech components based on the speech presence probability and the S/N ratio calculated based on the input 
speech signal. Specifically, the spectral difference, that is. the spectrum of an input signal less an estimated 
noise spectrum, is employed in calculating the probability of speech occurrence. 

Preferably, the value of the above spectrum difference or a pre-set value, whichever is larger, is employed 
for calculating the probability of speech occurrence. Preferably, the value of the above difference or a pre-set 

40 value, whichever is larger, is calculated for the current frame and for a previous frame, the value for the previous 
frame is multiplied with a pre-set decay coefficient, and the value for the current frame or the value for the 
previous frame multiplied by a pre-set decay coefficient, whichever is larger, is employed for calculating the 
speech presence probability. 

The characteristics of the maximum likelihood filter are processed with smoothing filtering along the fre- 

45 quency axis or along the time axis. Preferably, a median value of characteristics of the maximum likelihood 
filter in the frequency range under consideration and characteristics of the maximum likelihood filter in neigh- 
boring left and right frequency ranges is used for smoothing filtering along the frequency axis. 

In another aspect, the present invention provides a method for detecting a noise domain by dividing an 
input speech signal on the frame basis, finding an RMS value on the frame basis and comparing the RMS 

50 values to a threshold value Thi for detecting the noise domain. Specifically, a value th for finding the threshold 
Th1 is calculated using the RMS value for the current frame and a value th of the previous frame multiplied 
by a coefficient a. whichever is smaller, and the coefficient a is changed over depending on an RMS value of 
the current frame. In the following embodiment, the threshold value Thi 'S NoiseRMSihresM, while the value 
th for finding it is MinNoiseshonP^l* !s being a frame number. As will be explained in the equation (7). the value 

55 of the previous frame MinNoisesr^xtlk-l] multiplied by the coefficient a[k] is compared to the RMS value of the 
current frame RMS[k] of the current frame and a smaller value of the two is set to MinNoiseahortM. The coef- 
ficientlk] is changed over from 1 to 0 or vice versa depending on the RMS value RMS[k]. 

Preferably, the value th for finding the threshold Th^ may be a smaller one of the RMS value for the current 
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frame and a value th of the previous frame multiplied by a coefficient a, that is M in Noise shonM as later ex- 
plained, or the smallest RMS value over plural frames, that is MinNciseiongM, whichever is larger. 

Also, the noise domain is detected based upon the results of discrimination of the relative energy of the 
current frame using the threshold value Th2 calculated using the maximum SN ratio of the input speech signal 
5 and the results of comparison of the RMS value to the threshold value Th,. In the following embodiment, the 
threshold value Th2 is dBthreSrdM, with the frame-based relative energy being dBret- The relative energy dBroi 
is a relative value with respect to a local peak of the directly previous signal energy and describes the current 
signal energy. 

The above-described noise domain detection method is preferably employed in the noise reducing method 
10 for speech signals according to the present invention. 

With the noise reducing method for speech signals according to the present invention, since the speech 
presence probability is calculated by spectral subtraction of subtracting the estimated noise spectrum from 
the spectrum of the input signal, and the maximum likelihood filter is adaptively controlled based upon the 
calculated speech presence probability, adjustment to an optimum suppression factor may be achieved de- 
15 pending on the SNR of the input speech signal, so that it is unnecessary for the user to effect adjustment prior 
to practical application. 

In addition, with the method for detecting the noise domain according to the present invention, since the 
value th employed for finding the threshold value Th^ for noise domain discrimination is calculated using the 
RMS value of the current frame or the value th of the previous frame multiplied by the coefficient a, whichever 
20 is smaller, and the coefficient a is changed over depending on the RMS value of the current frame, noise do- 
main discrimination by an optimum threshold value responsive to the input signal may be achieved without 
producing mistaken judgment even on the occasion of noise level fluctuations. 

The invention will be further described by way of non-limitative example, with reference to the accompa- 
nying drawings, in which:- 

25 Fig.1 is a block circuit diagram for illustrating a circuit arrangement for carrying out the noise reducing meth- 

od for speech signals according to an embodiment of the present invention. 

Fig. 2 is a block circuit arrangement showing an illustrative example of a noise estimating circuit employed 
in the embodiment shown in Fig.1 . 

Fig. 3 is a graph showing illustrative examples of an energy E[k] and a decay energy EdecayM in the em- 
30 bodiment shown in Fig.1. 

Fig.4 is a graph showing illustrative examples of the short-term RMS value RMS[k], minimum noise RMS 
values MinNoisefk] and the maximum signal RMS values Maxsignal[k] in the embodiment shown in Fig.1. 

Fig. 5 is a graph showing illustrative examples of the relative energy in dB dBrejtk], maximum SNR value 
MaxSNR[k] and dBthreSreiM as one of threshold values for noise discrimination. 
35 Fig.6 is a graph for illustrating NR level[k] as a function defined with respect to the maximum SNR value 

MaxSNR[k] in the embodiment shown in Fig.1. 

Referring to the drawings, a preferred illustrative embodiment of the noise reducing method for speech 
signals according to the present invention is explained in detail. 

In Fig.1, a schematic arrangement of the noise reducing device for carrying out the noise reducing method 
40 for speech signals according to the preferred embodiment of the present invention is shown in a block circuit 
diagram. 

Referring to Fig.1, an input signal y[t] containing a speech component and a noise component is supplied 
to an input terminal 11. The input signal y[t]. which is a digital signal having the sampling frequency of FS, is 
fed to a framing/windowing circuit 12 where it is divided into frames each having a length equal to FL samples 

45 so that the input signal is subsequently processed on the frame basis. The framing Interval, which is the amount 
of frame movement along the time axis, is Fl samples, such that the (k+1)th sample is started after FL samples 
as from the K*th frame. Prior to processing by a fast Fourier transform (FFT) circuit 13, the next downstream 
side circuit, the framing/ windowing circuit 12 preforms windowing of the frame-based signals by a windowing 
function Winput- Meanwhile, after inverse FFT or !FFT at the final stage of signal processing of the frame-based 

50 signals, an output signal is processed by windowing by a windowing function Woutput- Examples of the window- 
ing functions Winput and Woutput are given by the following equations (1 ) and (2) : 

^mpuW = {j - ^ cosC^r 
O^j^FL (1) 

0<j^FL (2) 

If the sampling frequency FS is 8000 Hz = 8 kHz, and the framing interval Fl is 80 and 160 samples, the 
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framing interval is 10 msec and 20 msec, respectively. 

The FFT circuit 13 performs FFT at 256 points to produce frequency spectral amplitude values which are 
divided by a frequency dividing circuit 14 into e.g.. 18 bands. The following Table 1 shows examples of the 
frequency ranges of respective bands. 

5 

TABLE 1 



15 



20 



25 



30 



Band Number 


Frequency Ranges 


0 


0- 125 Hz 


1 


125-250 Hz 


2 


250 - 375 Hz 


3 


375 - 563 Hz 


4 


563 - 750 Hz 


5 


750 - 938 Hz 


6 


938- 1125 Hz 


7 


1125-1313 Hz 


8 


1313- 1563 Hz 


9 


1563- 1813 Hz 


10 


1813-2063 Hz 


11 


2063 -2313 Hz 


12 


2313-2563 Hz 


13 


2563 -2813 Hz 


14 


2813- 3063 Hz 


15 


3063 - 3375 Hz 


16 


3375 - 3688 Hz 


17 


3688 - 4000 Hz 



These frequency bands are set on the basis of the fact that the perceptive resolution of the human auditory 
system is lowered towards the higher frequency side. As the amplitudes of the respective ranges, the maximum 
FFT amplitudes in the respective frequency ranges are employed. 

A noise estimation circuit 15 distinguishes the noise in the input signal y[t] from the speech and detects 
a frame which is estimated to be the noise. The operation of estimating the noise domain or detecting the noise 
frame is performed by combining three kinds of detection operations. An illustrative example of noise domain 
estimation is hereinafter explained by referring to Fig .2. 

In this figure, the input signal y[t] entering the input terminal 11 is fed to a root-mean-square value (RMS) 
calculating circuit 15A where short-term RMS values are calculated on the frame basis. An output of the RMS 
calculating circuit 15A is supplied to a relative energy calculating circuit 15B, a minimum RMS calculating circuit 
15C, a maxtmunn signal calculating circuit 15D and a noise spectrum estimating circuit 15E. The noise spec- 
trum estimating circuit 15E is fed with outputs of the relative energy calculating circuit 15B, minimum RMS 
calculating circuit 15C and the maximum signal calculating circuit 15D»while being fed with an output of the 
frequency dividing circuit 14. 

The RMS calculating circuit 15A calculates RMS values of the frame-based signals. The RMS value RMS[k] 
of the k'th frame is calculated by the following equation: 



4 



EP 0 683 482 A2 



RMS[k] 



(3) 

The relative energy calculating circuit 15B calculates the relative energy dB^Ifk] of the k*th franne pertinent 
to the decay energy from a previous frame. The relative energy dBrei[k] in dB is calculated by the following 
10 equation (4) : 

dS^OT =ioiog,o(^^^) (4) 

In the above equation (4), the energy value E[k] and the decay energy value E(,ecayM may be found re- 
spectively by the equations (5) and (6) : 

15 



E[k] ^^y^[t} 



20 



(5) 



E,ecaAk] = max (EI/c). e ^^csylk-n) (6) 
Sine the equation (5) may be represented by FL(RMS[k])2, an output RMS[k] of the RMS calculating circuit 
1 5Amay be employed. However, the value of the equation (5), obtained in the course of calculation of the equa- 
tion (3) in the RMS calculating circuit 15A, may be directly transmitted to the relative energy calculating circuit 
15B. In the equation (6). the decay time is set to 0.65 sec only by way of an example. 
Fig.3 shows illustrative examples of the energy E[k] and the decay energy EdecayW- 
The minimum RMS calculating circuit 15C finds the minimum RMS value suitable for evaluating the back- 
ground noise level. The frame-based minimum short-term RMS values on the frame-basis and the minimum 
long-term RMS values, that is the minimum RMS values over plural frames, are found. The long-term values 
are used when the short-term values cannot track or follow signif icant changes in the noise level. The minimum 
short-term RMS noise value MinNoiseghort is calculated by the following equation (7) : 

MinNoisBstKirM = min {RMSlk], max (a (k) e^^^ MinNoise^ftorl^-^MinN (7) 
a(k) = 1 RMS[k] < MAX_NOISE_RMS, and 

RMS[k] < 3 MinNoisesbort[k-1] 
0 otherwise 

The minimum short-term RMS noise value MinNoiseshon 's set so as to t>e increased for the background 
noise, that is the surrounding noise free of speech. While the rate of rise for the high noise level is exponential, 
a fixed rise rate Is employed for the low noise level for producing a higher rise rate. 

The minimum long-term RMS noise value MinNoiseiong is calculated for every 0.6 second. MinNoiseiong is 
the minimum over the previous 1.8 second of frame RMS values which have dBfei > 19 dB. If in the previous 
1 .8 second, no RMS values have dBret > 19 dB, then MinNoisejong is not used because the previous 1 second 
of signal may not contain any frames with only background noise. At each 0.6 second interval, if MinNoiseiong 
> MinNoiseshort. then MinNoiseshort at that instance is set to MinNoisejong- 

The maximum signal calculating circuit 15D calculates the maximum RMS value or the maximum value 
of SNR (S/N ratio). The maximum RMS value is used for calculating the optimum or maximum SNR value. For 
the maximum RMS value, both the short-term and long-term values are calculated. The short-term maximum 
RMS value MaxSignalshon is found from the following equation (8) : 

MaxSignaUhorik] = max {RMS[kl e - ^^ MaxSignaUhorlk-^) (8) 

The maximum long-term RMS noise value MaxSignaliong is calculated at an interval of e.g., 0.4 second. 
This value MaxSignaliong is the maximum value of the frame RMS value during the term of 0.8 second temporally 
forward of the current time point. If, during each of the 0.4 second domains, MaxSignaliong is smaller than Max- 
Signalshorit MaxSignalghon is set to a value of (0.7 MaxSsignalshort "** 0.3 MaxSignaliong). 

Fig.4 shows illustrative values of the short-term RMS value RMS[k], minimum noise RMS value Min- 
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Noise[k] and the maximum signal RMS value MaxSignal[k]. In Fig.4. the minimum noise RMS value MinNoise[k] 
denotes the short-term value of MinNoiseshort which takes the long-term value MinNoiseiong into account. Also, 
the maximum signal RMS value MaxSignal[k] denotes the short-term value of Maxsignal short which takes the 
long-term value Maxslgnaliong into account. 
5 The maximum signal SNR value nnay be estimated by employing the short-term maximum signal RMS val- 

ue MaxSignalshort the short-term minimum noise RMS value MinNoiseghort- The noise suppression charac- 
teristics and threshold value for noise domain discrimination are modified on the basis of this estimation for 
reducing the possibility of distorting the noise-free clean speech signal. The maximum SNR value MaxSNR 
is calculated by the equation: 

w ^..^r.^ ,max(1000.0,MaxS/gna4hortM) ^ 

Ma.SNRM = 20.0.|o9,,( ^3,(o.5.M/n/Vo;4jS) ' ' 
From the value MaxSNR, the normalized parameter NRJevel in a range of from 0 to 1 indicating the relative 
noise level is calculated. The following NTJevel function is employed. 



15 



20 



25 



35 



45 



NR_level[k] = 

"^^ ) ) X (1-0. 002 {MaxSNRlK] -3 0)=) 

2 2 20 

30 < MaxSNR[k] < 50 

0.0 MaxSNR[k] > 50 

1 . 0 Otherwise ( 10 ) 



The operation of the noise spectrum estimation circuit 15E is explained. The values calculated by the rel- 
ative energy calculating circuit 15B, minimum RMS calculating circuit 15C and by the maximum signal calcu- 
^0 lating circuit 15D are used for distinguishing the speech from the background noise. If the following conditions 
are met, the signal in the k'th frame is classified as being the background noise. 



((RMS[k] < NoiseRMS^^j.g5Ck]) 
or (<lBj.g^[k] > dBthreSj^jCk] ) ) and (RMSCk] < RMS[k-l] + 200) 

(11) 

40 Where NoiseRMSj.g^[k] = min(l.05 + 0 . 45 • NR_level [k] ) 

MinNoise[k] . MinNoise[k] + 



Max_A_NOI SE_RMS ) 
dBthreSj.gj[k] = max (MaxSNR[k] - 4 . 0 . O . 9 • MaxSNR[k] ) 



Fig. 5 shows illustrative values of the relative energy dBrei[k] maximum SNR value MaxSNRfk] and the value 
of dBthreSre([k], as one of the threshold values of noise discrimination. In the above equation (11). 
Fig.6 shows NRJevel[k] as a function of MaxSNR[kl in the equation (10). 

If the k'th frame is classified as being the background noise or the noise, the time averaged estimated 
value of the noise spectrum Y[w, k] is updated by the signal spectrum Y[w, k] of the current frame, as shown 
in the following equation (12): 

N[w.k] = a max(N[w,k - 1], Y[w.k]) + (1 - a) min(N[w,k - 1], Y[w.k]) (12) 

PL 

a = © ■ 
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20 



where w denotes the band number for the frequency band splitting. 

If the k'th frame is classified as the speech, the value of N[w, k-1] is directly used for N[w, k]. 
An output of the noise estimation circuit 15 shown in Flg.2 Is transmitted to a speech estimation circuit 
16, a Pr(Sp) calculating circuit 17. a Pr(Sp I Y) calculating circuit 18 and to a maximum likelihood filter 19. 

5 in carrying out arithmetic-logical operations in the noise spectrum estimation circuit 15E of the noise es- 

timation circuit 15, the arithmetic-logical operations may be carried out using at least one of output data of the 
relative energy calculating circuit 15B, minimum RMS calculating circuit 15C and the maximum signal calcu- 
lating circuit 15D. Although the data produced by the estimation circuit 15E is towered in accuracy, a smaller 
circuit scale of the noise estimation circuit 15 suffices. Of course, high-accuracy output data of the estimation 

10 circuit 15E may be produced by employing all of the output data of the three calculating circuits 1 5B, 15C and 
1 5D. However, the arithmetic-logical operations by the estimation circuit 1 5E may be carried out using outputs 
of two of the calculating circuits 15B. 15C and 15D. 

The speech estimation circuit 16 calculates the SN ratio on the band basis. The speech estimation circuit 
1 6 is fed with the spectral amplitude data Y[w, k] from the frequency band splitting circuit 1 4 and the estimated 

75 noise spectral amplitude data from the noise estimation circuit 15. The estimated speech spectral data S[w, 
k] is derived based upon these data. A rough estimated values of the noise-free clean speech spectrum may 
be employed for calculating the probability Pr(Sp | Y) as later explained. This value is calculated by taking the 
difference of spectral values in accordanc e with the following equation (13). 

S\w,k] = VmaxCO, Y[w,kY - P'N[w,kp ) (13) 
Then, using the rough estimated value S*[w, k] of the speech spectrum as calculated by the above equation 
(13), an estimated value S[w, k] of the speech spectrum, time-averaged on the band basis, is calculated in 
accordance with the following equation (14) : 

S[w,k] = max(STw,k], S'Iw,k - 1]-decay_rate) 

(14) 

In the equation (14), the decay_rate shown therein is employed. 

The band-based SN ratio is calculated in accordance with the following equation (15) : 
SNR[w,k] =20.|og,o( i^-^^?^->^J ' n^fl^^^/ no!l^' V^i ) (^5) 

30 where the estimated value of the noise spectrum N[ ] and the estimated value of the speech spectrum may 
be found from the equations (12) and (14), respectively. 

The operation of the Pr(Sp) calculating circuit 17 is explained. The probability Pr(Sp) is the probability of 
the speech signals occurring in an assumed input signal. This probability was hitherto fixed perpetually to 0.5. 
For a signal having a high SN ratio, the probability Pr(Sp) can be increased for prohibiting sound quality de- 
35 terioration. Such probability Pr(Sp) may be calculated in accordance with the following equation (16) : 

Pr(Sp) = 0.5 + 0.45 (1.0 - NRJevel) (16) 
using the NRJevel function calculated by the maximum signal calculating circuit 15D. 

The operation of the Pr{Sp I Y) calculating circuit 18 is now explained. The value Pr(Sp | Y) is the probability 
of the speech signal occurring in the input signal y[t], and is calculated using Pr(Sp) and SNR[w, k]. The value 
40 Pr(Sp 1 Y) is used for reducing the speech-free domain to a narrower value. For calculations, the method dis- 
closed in R.J. McAulay and M.L. Malpass, Speech Enhancement Using a Soft-Decision Noise Suppression 
Filter, IEEE Trans. Acoust, Speech, and Signal Processing, Vo. ASSP-28, No.2, April 1980, which is now ex- 
plained by referring to equations (17) to (20). was employed. 

PriHI I Y) IW./C] = ^^^^ ^ P (^'y^ ^ (BayesR..e) (17) 

p(y| HO) = — G - ~ (Rayleigh pdf) (18) 

P(Y| H1) = — e - ./o (^^) (Rician pdf) (19) 

o o 

0 

(Modified Bessel function of 1st kind) (20) 



50 



55 



In the above equattons (17) to (20). HO denotes a non-speech event, that is the event that the input signal 
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y(t) is the noise signal n(t), while H1 denotes a speech event, that is the event that the input signal y(t) is a 
sum of the speech signal s(t) and the noise signal n(t) and s(t) is not equal to 0. In addition, w, Y, S and a 
denote the band nunnber. frame number, input signal [w, k], estimated value of the speech signal S[w, k] and 
a square value of the estimated noise signal N[w. k]^, respectively. 
5 Pr(H1 -Y) [w, k] is calculated from the equation (17), while p(Y I HO) and p(Y I H1) in the equation (17) may 

be found from the equation (19). The Bessel function lo( I X I ) is calculated from the equation (20). 
The Bessel function may be approximated by the following function (21) : 



10 



In(UI ) = 



— ^— -eW+O.OT, i^|x|>0, 5 



15 



Otherwise (21 ) 



25 



Heretofore, a fixed value of the SN ratio, such as SNR = 5, was employed for deriving Pr(H1 1 Y) without 
employing the estimated speech signal value S[w. k]. Consequently, p(Y | HI) was simplified as shown by the 
20 following equation (22) : 

P{Y\h1) = . ^ - SNR ^/o{2.S^//?— L) (22) 

A signal having an instantaneous SN ratio lower than the value SNR of the SN ratio employed in the cal- 
culation of p(Y I HI) is suppressed significantly. If it is assumed that the value SNR of the SN ratio is set to an 
excessively high value, the speech corrupted by a noise of a lower level is excessively lowered in its low-level 
speech portion, so that the produced speech becomes unnatural. Conversely, if the value SNR of the SN ratio 
is set to an excessively low value, the speech corrupted by the larger level noise is low in suppression and 
sounds noisy even at its low-level portion. Thus the value of p(Y | HI) conforming to a wide range of the back- 
ground/speech level is obtained by using the variable value of the SN ratio SNRnew[w, k] as in the present em- 
bodiment instead of by using the fixed value of the SN ratio. The value of SNRnew[w, k] may be found from the 
following equation (23) : 

SNR^Jlw^k] = max {MIN SNR (SNR [wM^ fj^'f^j (23) 

N[w,k] 

in which the value of MIN_SNR is found from the equation (24) : 

35 



30 



MIN_SNR{x) = 
1.5, othexwise 

(24) 

The value SNRnew[w, k] is an instantaneous SNR in the k'th frame in which limitation is placed on the mini- 
mum value. The value of SNRne^[w, k] may be decreased to 1.5 for a signal having the high SN ratio on the 
whole. In such case, suppression is not done on segments having low instantaneous SN ratio. The value 
SNRncw[w, k] cannot be lowered to below 3 for a signal having a low instantaneous SN ratio as a whole. Con- 
sequently, sufficient suppression my be assured for segments having a low instantaneous S/N ratio. 

The operation of the maximum likelihood filter 19 is explained. The maximum likelihood filter 19 is one of 
pre-f liters provided for freeing the respective bands of the input signal of noise signals. In the most likelihood 
filter 19, the spectral amplitude data Y[w, k] from the frequency band splitting filter 14 is converted into a signal 
H[w. k] using the noise spectral amplitude data N[w, k] from the noise estimation circuit 15. The signal H[w, 
k] is calculated in accordance with he following equation (25) : 
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k] = 

5 a, otAerv^ise 

(25) 

10 where a = 0.7 - 0.4 NRJeveI[k]. 

Although the value a in the above equation (25) is conventionally set to 1/2, the degree of noise suppression 
may be varied depending on the maximum SNR because an approximate value of the SNR is known. 

The operation of a soft decision suppression circuit 21 is now explained. The soft decision suppression 
circuit 20 is one of pre-f liters for enhancing the speech portion of the signal. Conversion is done by the method 
15 shown in the following equation (26) using the signal H[w, k] and the value Pr(H1 | Y) from the Pr(Sp I Y) cal- 
culating circuit 18: 

H[w,kl <r- Pr(H1 1 Y) [w,k] H[w.kJ + (1 - Pr(H1 I Y[w,k] MIN_GAIN (26) 
In the above equation (26), MIN_GAIN is a parameter indicating the minimum gain, and may be set to, for 
example, 0.1, that Is -15 dB. 

20 The operation of a filter processing circuit 21 Is now explained. The signal H[w, k] from the soft decision 

suppression circuit 20 is filtered along both the frequency axis and the time axis. The filtering along the fre- 
quency axis has the effect of shortening the effective impulse response length of the signal H[w, k]. This elim- 
inates any circular convolution aliasing effects associated with filtering by multiplication in the frequency do- 
main. The filtering along the time axis has the effect of limiting the rate of change of the filter in suppressing 

25 noise bursts. 

The filtering along the frequency axis is now explained. Median filtering is done on the signals H[w, k] of 
each of 18 bands resulting from frequency band division. The method is explained by the following equations 
(27) and (28) : 

Step 1 : H1[w, k] = max(median(H[w - 1, k], H[w, k], H[w + 1, k]. H[w. k] (27) 
30 where H1[w, k] = H[w, k] if (w-1) or (w+1) is absent 

Step 2 : H2[w, k] = min(median(H[w - 1. k], H[w. k], H[w + 1, k], H[w, k] (27) 
where H2[w. k] = H1[w, k] if (w-1) or (w+1) is absent. 
In the step 1, H1[w, k] is H[w, k] without single band nulls. In the step 2, H2[w, k] is H1[w,k] without sole 
band spikes. The signal resulting from filtering along the frequency axis is H2[w, k]. 
35 Next, the filtering along the time axis is explained. The filtering along time axis considers three states of 

the input speech signal, namely the speech, the background noise and the transient which is the rising portion 
of the speech. The speech signal ia smoothed along the time axis as shown by the following equation (29). 

Hspe«ch[w, k] = 0.7.H2[w, k] + 0.3 H2[w. k- 1] (29) 
The background noise signal is smoothed along the time axis as shown by the following equation (30) : 
40 HnoisJw, k] = 0.7.Min_H = O.S Max.H (30) 

where Min_H and Max_H are: 

Min_H = min(H2[w, k], H2[w, k - 1] 
Max_H = max(H2[w. k], H2[w. k - 1] 
For transient signals, no smoothing on time axis is not performed. Ultimately, calculations are carried out for 
45 producing the smoothed output signal Ht.smooth[Wi k] by the following equation (31) : 

Ht..,«,ath[w, k] = (1 . otr) (a«p H,p^[w, k] + (1 . a^p) Hr^oiseEw. k] + atr H2[w, k] (31) 
Osp and Otr in the equation (31) are respectively found from the equations (32) and (33): 



50 a = 

1 . 0, 5A/R^^^>4 . 0 

0 , otherwise 

55 



(32) 
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where 



IS 



20 



SNR RMSlk} 
^"^^ MinNaise[k] 



«tr = 



10 (*r«5-2) •^,2.0<6^^<3.5 



_2 
3 

0 , ocherwise 



(33) 

where 



6 - ^^2o...lk] 



The operation in a band conversion circuit 22 is explained. The 18 band signals Ht_smooth[w, k] from the 
filtering circuit 21 is interpolated to e.g., 128 band signals H^28[w, '^^^ interpolation is done in two stages, 
that is, the interpolation from 18 to 64 bands is done by zero-order hold and the interpolation from 64 to 128 
25 bands is done by a low-pass fitter interpolation. 

The operation in a spectrum correction circuit 23 is explained. The real part and the imaginary part of the 
FFT coefficients of the input signal obtained at the FFT circuit 1 3 are multiplied with the above signal Hi28[w. 
k] to carry out spectrum correction. The result is that the spectral amplitude is corrected, while the spectrum 
is not modified in phase. 

30 An IFFT circuit 24 executes inverse FFT on the signal obtained at the spectrum correction circuit 23. 

An overlap-and-add circuit 25 overlap and adds the frame boundary portions of the frame-based IFFT 
output signals. A noise-reduced output signal is obtained at an output terminal 26 by the procedure described 
above. 

The output signal thus obtained is transmitted to various encoders of a portable telephone set or to a signal 
35 processing circuit of a speech recognition device. Alternatively, decoder output signals of a portable telephone 
set may be processed with noise reduction according to the present invention. 

The present invention is not limited to the above embodiment For example, the above-described filtering 
by the filtering circuit 21 may be employed in the conventional noise suppression technique employing the max- 
imum likelihood filter. The noise domain detection method by the filter processing circuit 15 may be employed 
40 in a variety of devices other than the noise suppression device. 

Claims 

45 1. Amethod for reducing the noise in an input speech signal in which noise suppression is done by adaptively 
controlling a maximum likelihood filter adapted for calculating speech components based on the prob- 
ability of speech occurrence and the S/N ratio calculated based on the input speech signal, wherein the 
improvement comprises 

employing the spectrum of an input signal less an estimated noise spectrum in calculating the prol>- 
50 ability of speech occurrence. 

2. The method as claimed In claim 1, wherein the value of the above difference ore pre-set value, whichever 
is larger, is employed for calculating the probability of speech occurrence. 

55 3. The method as claimed in claim 1 , wherein the value of the above difference or a pre-set value, whichever 
is larger, is found for the current frame and for a previous frame, the value for the previous frame is mul- 
tiplied with a pre-set decay coefficient, and the value for the current frame or the value for the previous 
frame multiplied by a pre-set decay coefficient, whichever is larger, is employed for calculating the prob- 
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ability of speech occurrence. 

4. The method as claimed in claim 1, 2 or 3, wherein characteristics of the maximum likelihood filter are 
processed with smoothing filtering along the frequency axis and along the time axis. 

5 

5. The method as claimed in claim 1 . 2. 3 or 4, wherein noise domain is detected for finding the probability 
of speech occunrence by comparing the frame-based RMS values to a threshold value Th^, a value th for 
finding the threshold value Thi is found responsive to the RMS value for the current frame or the value 
th of the previous frame multiplied with a coefficient a. whichever is smaller, and the coefficient a is 

10 changed over depending on the RMS value for the current frame. 

6. The method as claimed in claim 5. wherein the value th for finding the threshold value Th, is found by 
employing a smaller one of the RMS value of the current frame and the value th of a previous frame mul- 
tiplied by a coefficient a. whichever is smaller, or the minimum value of the RMS values over plural frames, 

15 whichever is larger. 

7. The method as claimed in claim 6, wherein the noise domain detection is done by discriminating the rel- 
ative energy of the current frame using a threshold value Th2 calculated using the maximum SN ratio of 
the Input speech signal. 

20 

8. A method for reducing the noise in an Input speech signal In which noise suppression is done by adaptively 
controlling a maximum likelihood filter adapted for calculating speech components based on the prot>- 
ability of speech occurrence and the S/N ratio calculated based on the input speech signal, wherein the 
Improvement comprises 

25 smoothing filtering the characteristics of the maximum likelihood filter along the frequency axis 

and along the lime axis. 

9. The method as claimed in claim 8, wherein a median value of characteristics of the maximum likelihood 
filter in the frequency range under consideration and characteristics of the maximum likelihood filter In 

30 neighbouring left and right frequency ranges Is used for smoothing filtering along the frequency axis. 

10. The method as claimed In claim 8 or 9, wherein the smoothing filtering along the frequency axis comprises 
the steps of 

selecting the median value or the characteristics of the maximum likelihood filter in the frequency 
35 range under consideration, whichever is larger, 

the median value for the frequency range under consideration corresponding to the processing re- 
sults or the characteristics of the maximum likelihood filter In the frequency range under consideration, 
whichever Is smaller. 

40 11. The method as claimed In claim 9 or 10. wherein the smoothing filtering along the time axis includes 
smoothing for signals of the speech part and smoothing for signals of the noise part. 

12. A method for detecting a noise domain by dividing an input speech signal on the frame basis, finding an 
RMS value on the frame basis and comparing the RMS values to a threshold value Thi for detecting the 
45 noise domain, wherein the improvement comprises 

calculating a value th for finding the threshold Th1 using the RMS value for the current frame and 
a value th of the previous frame multiplied by a coefficient a, whichever is smaller, and changing over 
the coefficient a depending on an RMS value of the current frame. 

50 13. The method as claimed In claim 12, comprising calculating a value th for finding the threshold Th^ using 
a smaller one of the RMS value for the cun-enl frame and a value th of the previous frame multiplied by 
a coefficient a. or the smallest RMS value over plural frames, whichever is larger. 

14. The method as claimed in claim 13, wherein the noise domain Is detected based upon the results of dis- 
55 crimination of the relative energy of the current frame using the threshold value Th2 calculated using the 

maximum SN ratio of the input speech signal and the results of comparison of the RMS value to the thresh- 
old value Thy, 
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(57) A noise reducing method for speech signals is 
provided in which the probability of speech occurring is 
calculated by spectral subtraction of subtracting the es- 
timated noise spectrum from the spectrum of the input 
signal, and the maximum likelihood filter is adaptively 
controlled based upon the calculated speech occur- 
rence probability. Adjustment to an optimum suppres- 
sion factor may be achieved depending on the SNR of 
the input speech signal, so that is it unnecessary for the 
user to effect adjustment prior to practical application. 
In addition, a method for detecting the noise domain is 
provided in which the value th employed for finding the 
threshold value Th^ tor noise domain discrimination is 
calculated using the RMS value of the current frame or 
the value ih of the previous frame multiplied by the co- 
efficient a. whichever is smaller, and the coefficient a is 
changed over depending on the RMS value of the cur- 
rent frame. Noise domain discrimination by an optimum 
threshold value responsive to the input signal may be 
achieved without producing mistaken judgment even on 
the occasion of noise level fluctuations. 
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